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Abstract
Background: The female lower genital tract is a gateway for pathogens entering the host through
the mucous membrane. One of the prevalent human viruses is Torque teno virus (TTV). The major
reported routes of TTV transmission are fecal-oral and parenteral. Furthermore, other modes of
transmission, e.g. sexual contact, are suggested. To investigate the sexual route of TTV
transmission, cervical smears of healthy women and those with cervical lesions were screened for
the presence of TTV DNA.
Methods: TTV DNA was studied in cervical smears of 95 patients with cervical lesions and 55
healthy women. Paired serum samples were available from 55 and 42 women, respectively. All
healthy women had normal cytology while 44 patients had histologically confirmed low-grade lesion
(LGL) and 51 high-grade lesion (HGL). TTV DNA was detected with primers specific for the non-
coding region. In 40 paired cervical smears and serum samples, the phylogenetic group of TTV
isolates was determined. The presence of HPV DNA in cervical smears was detected by means of
PCR with MY09/11 primers.
Results: The prevalence of TTV DNA in cervical smears of healthy women was 52.7% and was
comparable with that in paired serum samples (50%). Symptomatic women had significantly higher
prevalence of TTV DNA in cervical smears (74.7%) than healthy controls. The TTV DNA
prevalence in patient serum samples was 51%. The phylogenetic groups of TTV serum isolates were
concordant with those of TTV from cervical smears of the same subjects. In cervical smears, a
wider variety of TTV isolates was found. The viral loads in cervical smears were 10 to 1000 times
as high as in sera. The HPV-positive study subjects had significantly higher TTV DNA prevalence
than HPV negatives. The prevalence of TTV was not associated with disease severity.
Conclusion: High prevalence of TTV in cervical smears suggests that sexual transmission is
another mode of expansion of TTV infection among the population. The higher viral load in cervical
smears than in the respective serum samples might indicate active TTV replication in the female
genital tract. Nevertheless, cooperation between TTV and HPV needs to be further investigated.
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The mucosal surface of the female lower genital tract is the
first line of defense against pathogens. The physical bar-
rier created by epithelial cells prevents the penetration of
microbes and together with dendritic cells, macrophages,
NK cells and chemical elements, they are the main com-
ponents of the innate immune system. However, many
common infectious disease pathogens succeed in entering
the host through the mucous membrane after which they
spread systematically. One of the most prevalent viral
pathogens of cervical epithelial cells is human papilloma-
virus (HPV). HPV is a very common sexually transmitted
infection with prevalence rates ranging from 2% to 44%
among healthy women around the world [1]. HPV plays a
role in the development of precancerous lesions and squa-
mous cell carcinomas in the anogenital region. However,
most individuals eliminate the HPV infection without any
evidence of disease and only very few HPV-infected
women develop invasive cervical cancer after a long
period. The number of sexual partners, smoking, and
infections by other sexually transmitted pathogens are fac-
tors which increase the risk of cervical cancer in HPV
infected individuals [2].
The human population is frequently infected with Torque
teno virus (TTV), a small, non-enveloped DNA virus with
a single stranded circular genome, recently classified into
a floating family called Anellovirus [3]. TTV shows a high
degree of genetic variability: until now, more than 40 gen-
otypes of TTV divided into 5 major phylogenetic groups
have been identified in various clinical specimens from
humans, including blood and cervical smears [4]. To date,
no clinical manifestations have been unequivocally asso-
ciated with TTV, classified into orphan viruses [5]. Never-
theless, the high genetic diversity of TTV implies the risk
that one of TTV genotypes may have pathogenic potential.
The major routes of transmission are parenteral and fecal-
oral. Since TTV DNA was detected in semen and cervical
smears, sexual transmission has also been considered as a
possible mode of infection [6-9]. A study has observed
increase in TTV prevalence with increasing number of sex-
ual partners among drug users with liver disease [10]; on
the other hand, several studies have reported that in at-
risk groups of prostitutes, the rate of TTV viremia was not
significantly different from that in controls [11-13].
Therefore, the role of sexual transmission remains
unclear.
To investigate the possibility of sexual transmission of
TTV, cervical smears from healthy women and those with
cervical lesions were screened for the presence of TTV
DNA. For most study subjects, parallel serum samples
were also available for comparison and TTV subtyping.
Co-infection with TTV and HPV was investigated to sup-




Cervical smears and sera samples were obtained from the
bank of the National Reference Laboratory for Papilloma-
viruses in Prague. All samples were collected during a pro-
spective study of HPV in patients treated for cervical
lesions in 1996–1997 [14]. Cervical smears from 95
patients (mean age 35 years, age range 18–71) were ran-
domly selected to form two balanced groups of patients,
one with low-grade and one with high-grade cervical
lesions. The control group of 55 healthy women (mean
age 32 years, age range 18–61) was selected as age
matched to the patients group. Parallel serum samples
were collected from 55 patients and 42 healthy women.
For all study subjects, cytology data was available and for
patients, histology data at enrollment was obtained. Fur-
thermore, the questionnaire data on medical history, edu-
cation, socioeconomic status, and number of lifetime
sexual partners was accessible. All healthy women had
normal cytology with no pathological, clinical or cytolog-
ical findings while in the patient group, 44 and 51 sub-
jects had histologically confirmed low-grade lesions
(LGL) and high-grade lesions (HGL), respectively. No
informed consent from patient was needed by course of
law in the Czech Republic before 2000. The study in
1996–1997 was approved by the Ethical committee of the
institution.
DNA extraction
Cervical brushes were transported in tubes containing
phosphate-buffered saline solution (PBS) with 5 mM eth-
ylene diamine tetraacetic acid (EDTA), pH 8.0, and stored
at +4°C. The tubes were vortexed and cells were collected
by centrifugation at 1,000 rpm for 10 min. Forty microli-
tres of each cell pellet were digested in 100 μl of lysis
buffer (50 mM Tris/HCL, pH 8.0, 1% Tween-20, 5 mM
EDTA, pH 8.0) containing 100 μg/ml proteinase K (Fer-
mentas, Hanover, MD) at 37°C overnight. Proteinase K
was inactivated at 95°C for 10 minutes and the samples
were stored at -20°C. DNA was extracted from 200 μl of
serum by QIAamp Blood kit (QIAGEN Ltd., Crawley, UK)
and dissolved in 100 μl of the elution buffer (QIAGEN
Ltd., Crawley, UK). The control plasmid with a part of the
human beta-globin gene was added to serum sample for
the evaluation of DNA quality. Extracted DNA was stored
at -20°C.
The integrity and quality of DNA was assessed by amplifi-
cation of the human beta-globin gene with primer PC03/
PC04. All tested samples were positive for the human
beta-globin gene [15].Page 2 of 6
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The cervical smears were analyzed for the presence of HPV
DNA by means of PCR with MY09/11 primers followed
by Southern blot hybridization and identification of HPV
types on dot blot hybridization with oligonucleotide type
specific probes or by sequencing [14].
TTV DNA detection
TTV DNA detection in cervical smears and serum samples
was done by nested PCR directed at the non-coding region
of TTV (PCR NCR) with NG133/147 and NG132/134 [16]
and with primers specific for the ORF1 N22 region (PCR
ORF1) [17]. The sensitivity of both assays was analyzed by
amplification of cloned TTV DNA at 1, 10 and 100 copies
per tube. The PCR NCR system was 10–100 times more
sensitive, able to detect one copy per reaction (data not
shown). Furthermore, ORF system is known to amplify
limited number of TTV genotypes while NCR system can
detect genotypes from all five so far known major TTV
phylogenetic groups. The prevalence with NCR primers in
our study was much higher and therefore we used results
obtained with this system for the final analysis.
Ten microlitres of the PCR product were separated electro-
phoretically on a 3% agarose gel (NuSieve 3:1, FMC Bio-
Product, Rockland, ME).
Semiquantitative determination of TTV DNA load
DNA extracted from the sera and cervical smears from 5
patients with cervical abnormalities and 5 healthy women
was serially diluted (in 10-fold steps) in distilled water
and the presence of TTV DNA was detected by PCR NCR.
The highest dilution (10N) testing positive was used as a
relative titer for determining the viral titer per 1 ml of TTV
DNA in serum samples and cervical smears.
Genotyping determination
In 25 patients and 15 healthy women positive for TTV
DNA in both cervical smears and serum samples, the TTV
genotype was determined by a PCR assay based on ampli-
fication with TTV group-specific primers derived from the
conserved non-coding region [18].
The statistical analysis was performed using the Fisher
exact test. Odds ratios (OR) with 95% confidence inter-
vals (CI) and two-tailed P values were calculated in 2 × 2
tables using the EPI INFO statistical package (2002 ver-
sion) and Graph Pad InStat (version 3.05) (GraphPad
Software, San Diego, CA). In all tests, the basic signifi-
cance level was P = 0.05.
Results
In total, 150 cervical smears and 97 serum samples were
screened by PCR for the presence of TTV. The prevalence
rates of TTV in the study groups of healthy women and
patients with cervical lesions are shown in Table 1.
The prevalence rates of TTV DNA were 52.7% in cervical
smears of healthy women (29/55) and 50% in the parallel
serum samples (21/42). The difference between the TTV
DNA prevalence rates from the patient cervical smears and
serum samples was statistically significant (74.7% (71/
95) versus 51% (28/55), OR = 2.9, CI 1.4–5.8, P = 0.004).
Comparable prevalence rates of TTV DNA were found in
the sera from patients and healthy women, while patients
showed significantly higher TTV DNA rates in cervical
smears than healthy women (OR = 2.4, CI 1.2–4.8, P =
0.02).
Overall, 98.9% (94/95) of cervical smears from patients
with cervical abnormalities and 27.3% (15/55) cervical
smears from healthy women were HPV DNA positive. The
HPV-positive study subjects showed a significantly higher
prevalence of TTV DNA, i.e. 71.6% (78/109), than the
HPV-negatives with 48.8% (20/41) (OR = 2.6, CI 1.3–5.5,
P = 0.01). The patients were divided into two groups
according to cervical lesion severity. The TTV prevalence
rate was slightly higher in the group with high-grade
lesions, i.e. 76.5% (39/51), than in that with low-grade
lesions, i.e. 68.2% (30/44), but the difference was not sta-
tistically significant.
The relative viral loads in cervical smears and in the
respective serum samples were compared for five patients
and five healthy women. All of these subjects had 10 to
1.000 times higher TTV DNA titers in cervical smears than
in serum samples.
TTV genotype was determined in 25 patients and 15
healthy women with both tested specimens positive for
Table 1: Prevalence of TTV DNA in study groups
Material
Subjects Cervical smears Serum OR (95%CI), P
N TTV positive (%) N TTV positive (%)
Patients 95 71 (74.7) 55 28 (51) 2.9 (1.4–5.8), P = 0.004
Healthy women 55 29 (52.7) 42 21 (50) NS
N – number of subjects, NS – not significantPage 3 of 6
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patient cervical smears, 50% of patient serum samples,
77% of healthy women's cervical smears and 34% of the
healthy women's serum samples. The most prevalent phy-
logenetic group was TTV 1 (45%), followed by TTV 3
(40%), the phylogenetic group TTV 5 was found rarely
(6%) and TTV 2 only in the group of patients (4%). Con-
cordant phylogenetic groups of TTV isolates were found in
serum samples and the parallel cervical smears from the
same subject; however, in cervical smears more diverse
TTV genotypes were present (Table 2).
The number of sexual partners self-reported by the study
subjects did not exceed four. No difference in the preva-
lence of TTV DNA associated with the number of sexual
partners was found; the TTV DNA positivity rates were
65% (73/112) in subjects with less than three sexual part-
ners and 64.5% (20/31) in those with three or four sexual
partners.
Discussion
TTV infects the majority of the general population world-
wide but is not associated with any clinical evidence of
disease. The high prevalence of TTV in the general popu-
lation might be explained by the existence of multiple
transmission routes. Several studies have reported the
parenteral and fecal-oral routes of TTV transmission and
other modes of transmission have also been considered.
The presence of TTV DNA in cervical smears and semen
suggests that TTV may be spread by sexual contact [9].
In our study, in agreement with Calcaterra et al., Chan et
al., and Fornai et al [6-8], we observed a high prevalence
of TTV in cervical smears. The prevalence of TTV DNA in
cervical smears of healthy women was similar to that pre-
viously reported for the Czech general population [13]. In
healthy women, no difference was found in the preva-
lence of TTV between the cervical smears and parallel
serum samples. Only one study has so far compared the
prevalence of TTV DNA in these two types of specimens.
Fornai et al. have reported a higher prevalence of TTV
DNA in serum than in cervical smears. Nevertheless, the
differences between the study populations can explain
this discrepancy. The subjects tested in the Fornai study
were HIV-infected individuals who have a higher TTV
prevalence and viral load in the serum than the general
population [19,20].
The cervical smears from patients with cervical lesions
were more frequently infected by TTV in comparison with
those from healthy women. The co-presence of HPV and
TTV in the patient cervical smears suggests that both
viruses have a common transmission route. The co-infec-
tion with TTV and other viruses such as HBV, HCV, and
HIV l has been reported by others [11,19,21]. The high
TTV/HPV co-infection rate, similar to those of HIV, HBV,
HCV, supports the hypothesis that these viruses share the
same mode of transmission and that sexual transmission
is another important mode of TTV infection. HPV is an eti-
ological factor of cervical carcinoma and precancerous cer-
vical lesions. The mode of transmission is mostly sexual.
It has been documented that patients with cervical disor-
ders are more likely to start sexual life sooner and to have
more sexual partners [22]. Therefore, it is likely that if TTV
is transmitted sexually it will be more frequently present
in women infected with HPV. Women with cervical
lesions are also more likely to be HPV positive and form a
risk group in comparison to healthy women in terms of
the mode of transmission. Nevertheless, we did not find
the number of sexual partners to be a risk factor for TTV
infection, most likely due to the relatively low number of
lifetime sexual partners of our study subjects. Many stud-
ies have reported that the risk of HPV infection and cervi-
cal cancer increases with more than six lifetime partners
[22]. The similarity in the TTV phylogenetic groups in the
isolates from cervical smears and serum samples implies
Table 2: TTV phylogenetic group distribution













TTV phylogenetic group distribution in parallel cervical smears and serum samples in which any TTV genotype was detected, ID is sample number, 
ID1-9 are samples from patients with cervical lesions, ID10-12 are samples from healthy women.Page 4 of 6
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cervical smears may indicate that the vagina is the entry
site of TTV infection. The higher genotypic variability of
TTV in cervical smears may reflect that the vagina is the
first place of TTV infection. On the other hand, it might
also explain the inability to detect the lower TTV load in
the serum.
Originally, liver tissue had been thought to be a site of TTV
replication since the viral loads in hepatocytes were 10 to
100 times higher than those in the respective plasma sam-
ples. This hypothesis was confirmed by the detection of a
double-stranded variant of TTV DNA in the liver and
hepatocytes by in situ hybridization. The viral titer was 10
to 10.000 times higher in saliva than in serum. The
assumption that TTV might replicate in oropharyngeal tis-
sues and/or salivary glands was supported by the detec-
tion of TTV in the gingival tissue [23]. In our study, we
found 10 to 1.000 higher viral loads in cervical smears
than in the parallel serum samples. This observation sug-
gests that TTV might also replicate in cells of the cervicov-
aginal area.
The reported higher viral loads of TTV in HIV infected
patients might be associated with a poorer prognosis in
AIDS. A higher viral load can be explained by the immune
stimulation due to HIV infection. CIN biopsies in HIV-
positive women have shown higher lymphocyte and mac-
rophage counts in the squamous epithelium of the cervix
and an increased intralesional concentration of proin-
flammatory cytokines modulating HIV replication, with
consequently increased HIV genital shedding [24]. Simi-
larly, higher TTV prevalence in HPV-positive patients can
be attributed to the stimulation of the immune system by
HPV infection and additional increase in TTV load. Never-
theless, more data is needed to better understand the phe-
nomena. Additional risk to patients with cervical lesions
from co-infection with TTV was also investigated. As in
our study, TTV prevalence did not differ between patients
with low-grade and high-grade cervical lesions, co-infec-
tion with TTV and HPV seemed unlikely to promote the
progression of precancerous cervical lesions.
Conclusion
To conclude, high TTV prevalence in cervical smears sug-
gests that sexual transmission is another mode of expan-
sion of TTV infection among the population. The higher
viral loads in cervical smears than in the respective serum
samples might indicate active TTV replication in the
female genital tract or might be the result of plasma secre-
tion. The TTV shedding is possibly mediated by the
immune upregulation in the cervix and vagina due to HPV
infection. Nevertheless, natural cooperation between TTV
and HPV needs to be further investigated.
Competing interests
The authors declare that they have no competing interests.
Authors' contributions
MS projected the study, carried out the experimental
work, did all statistical analyses and evaluation of the
results. MS wrote the first draft of the paper and other
coauthors contributed to the final draft. RT and VN partic-
ipated in the study design and data interpretation. All
authors read and approved the final manuscript.
Acknowledgements
This work was supported by the Grant Agency of the Czech Republic 
(grant project 310/06/P421)
References
1. Bosch FX, de Sanjose S: Human papillomavirus in cervical can-
cer.  Curr Oncol Rep 2002, 4:175-183.
2. Munoz N, Castellsague X, de Gonzalez AB, Gissmann L: Chapter 1:
HPV in  the etiology of human cancer.  Vaccine 2006, 24 Suppl
3:S3/1-10.
3. Hino S: TTV, a new human virus with single stranded circular
DNA genome.  Rev Med Virol 2002, 12:151-158.
4. Peng YH, Nishizawa T, Takahashi M, Ishikawa T, Yoshikawa A,
Okamoto H: Analysis of the entire genomes of thirteen TT
virus variants classifiable into the fourth and fifth genetic
groups, isolated from viremic infants.  Arch Virol 2002,
147:21-41.
5. Bendinelli M, Pistello M, Maggi F, Fornai C, Freer G, Vatteroni ML:
Molecular properties, biology, and clinical implications of TT
virus, a recently identified widespread infectious agent of
humans.  Clin Microbiol Rev 2001, 14:98-113.
6. Calcaterra S, Zaniratti MS, Serraino D, Peroni M, Abbate I, Cappiello
G, Piselli P, Pavia C, Rezza G, Ippolito G, et al.: Cervicovaginal
shedding of TT virus in HIV-infected women.  J Hum Virol 2001,
4(6):343-345.
7. Chan PK, Tam WH, Yeo W, Cheung JL, Zhong S, Cheng AF: High
carriage rate of tt virus in the cervices of pregnant women.
Clin Infect Dis 2001, 32:1376-1377.
8. Fornai C, Maggi F, Vatteroni ML, Pistello M, Bendinelli M: High prev-
alence of tt virus (ttv) and ttv-like minivirus in cervical
swabs.  J Clin Microbiol 2001, 39:2022-2024.
9. Inami T, Konomi N, Arakawa Y, Abe K: High Prevalence of TT
Virus DNA in Human Saliva and Semen.  J Clin Microbiol 2000,
38:2407-2408.
10. Krekulova L, Rehak V, Killoran P, Madrigal N, Riley LW: Genotypic
distribution of TT virus (TTV) in a Czech population: evi-
dence for sexual transmission of the virus.  J Clin Virol 2001,
23:31-41.
11. Davidson F, MacDonald D, Mokili JL, Prescott LE, Graham S, Sim-
monds P: Early acquisition of TT virus (TTV) in an area
endemic for TTV infection.  J Infect Dis 1999, 179:1070-1076.
12. MacDonald DM, Scott GR, Clutterbuck D, Simmonds P: Infrequent
detection of TT virus infection in intravenous drug users,
prostitutes, and homosexual men.  J Infect Dis 1999,
179:686-689.
13. Salakova M, Nemecek V, Konig J, Tachezy R: Age-specific preva-
lence, transmission and phylogeny of TT virus in the Czech
Republic.  BMC Infect Dis 2004, 4:56.
14. Tachezy R, Mikyskova I, Ludvikova V, Rob L, Kucera T, Slavik V, Bek-
ova A, Robova H, Pluta M, Hamsikova E: Longitudinal study of
patients after surgical treatment for cervical lesions: detec-
tion of HPV DNA and prevalence of HPV-specific antibodies.
Eur J Clin Microbiol Infect Dis 2006, 25:492-500.
15. Saiki RK, Scharf S, Faloona F, Mullis KB, Horn GT, Erlich HA, Arnheim
N: Enzymatic amplification of beta-globin genomic
sequences and restriction site analysis for diagnosis of sickle
cell anemia.  Science 1985, 230:1350-1354.
16. Okamoto H, Takahashi M, Nishizawa T, Ukita M, Fukuda M, Tsuda F,
Miyakawa Y, Mayumi M: Marked genomic heterogeneity andPage 5 of 6
(page number not for citation purposes)
BMC Infectious Diseases 2009, 9:118 http://www.biomedcentral.com/1471-2334/9/118Publish with BioMed Central   and  every 
scientist can read your work free of charge
"BioMed Central will be the most significant development for 
disseminating the results of biomedical research in our lifetime."
Sir Paul Nurse, Cancer Research UK
Your research papers will be:
available free of charge to the entire biomedical community
peer reviewed and published immediately upon acceptance
cited in PubMed and archived on PubMed Central 
yours — you keep the copyright
Submit your manuscript here:
http://www.biomedcentral.com/info/publishing_adv.asp
BioMedcentral
frequent mixed infection of TT virus demonstrated by PCR
with primers from coding and noncoding regions.  Virology
1999, 259:428-436.
17. Okamoto H, Nishizawa T, Kato N, Ukita M, Ikeda H, Iizuka H, Miya-
kawa Y, Mayumi M: Molecular cloning and characterization of
a novel DNA virus (TTV) associated with posttransfusion
hepatitis of unknown etiology.  Hepatology Research 1998,
10:1-16.
18. Biagini P, Gallian P, Cantaloube JF, Attoui H, de Micco P, de LX: Dis-
tribution and genetic analysis of TTV and TTMV major phy-
logenetic groups in French blood donors.  J Med Virol 2006,
78:298-304.
19. Christensen JK, Eugen-Olsen J, Sorensen M, Ullum H, Gjedde SB, Ped-
ersen BK, Nielsen JO, Krogsgaard K: Prevalence and prognostic
significance of infection with TT virus in patients infected
with human immunodeficiency virus.  J Infect Dis 2000,
181:1796-1799.
20. Shibayama T, Masuda G, Ajisawa A, Takahashi M, Nishizawa T, Tsuda
F, Okamoto H: Inverse relationship between the titre of TT
virus DNA and the CD4 cell count in patients infected with
HIV.  AIDS 2001, 15:563-570.
21. Irving WL, Ball JK, Berridge S, Curran R, Grabowska AM, Jameson CL,
Neal KR, Ryder SD, Thomson BJ: TT virus infection in patients
with hepatitis C: frequency, persistence, and sequence het-
erogeneity.  J Infect Dis 1999, 180:27-34.
22. Clifford GM, Gallus S, Herrero R, Munoz N, Snijders PJ, Vaccarella S,
Anh PT, Ferreccio C, Hieu NT, Matos E, et al.: Worldwide distri-
bution of human papillomavirus types in cytologically nor-
mal women in the International Agency for Research on
Cancer HPV prevalence surveys: a pooled analysis.  Lancet
2005, 366:991-998.
23. Rotundo R, Maggi F, Nieri M, Muzzi L, Bendinelli M, Prato GP: TT
virus infection of periodontal tissues: a controlled clinical and
laboratory pilot study.  J Periodontol 2004, 75:1216-1220.
24. Spinillo A, Zara F, Gardella B, Preti E, Gaia G, Maserati R: Cervical
intraepithelial neoplasia and cervicovaginal shedding of
human immunodeficiency virus.  Obstet Gynecol 2006,
107:314-320.
Pre-publication history
The pre-publication history for this paper can be accessed
here:
http://www.biomedcentral.com/1471-2334/9/118/pre
pubPage 6 of 6
(page number not for citation purposes)
